Key Points {#FPar10}
==========

Propranolol is the first line treatment for infantile hemangiomas, showing good results in the Mexican population.Use of an extemporaneously compounded solution of propranolol in this study proved to be an effective and lowcost alternative to commercially available proprietary formulations.Children with hemangioma who started therapy with propranolol before five months of age had a significantly better response and shorter duration of treatment.Success of therapy was dependent on continuous medical supervision by and the pharmaceutical education of the parents, which facilitated outpatient treatment and greater therapeutic adherence.

Introduction {#Sec1}
============

Infantile hemangiomas (IH) are the most common benign vascular tumors of childhood, with an incidence of 5--10 % during the first year of life. They are more frequent in Caucasians and premature infants, and three times more frequent in female patients than in males \[[@CR1]\]. They can affect any area of the body's surface, although in most cases they tend to be located in the head and neck area \[[@CR2]\].

Three stages have been identified in the development of IH: initial, proliferative, and involution. The etiology of IH is still unknown; some evidence suggests that vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) are involved, as their levels increase during the development of the vascular tumor \[[@CR3], [@CR4]\].

Even though most IH are benign, self-limiting, and require no treatment, some IH can cause complications such as ulceration and even permanent disfigurement. Treatment may be necessary for IH during the proliferative phase when located in key organs of the body as they may endanger organ function. Standard treatments for IH include the use of drugs such as corticosteroids, other immunosuppressants, or β-adrenergic blockers, as well as surgery and laser pulses \[[@CR5]\].

Propranolol is a non-selective β-adrenergic blocker indicated for hypertension in pediatric patients. Its role in the treatment of IH was discovered and first reported by Léauté-Labréze et al. \[[@CR6]\], who demonstrated that oral administration of the drug during the growth phase of the hemangioma resulted in decreases in both its size and its coloration, without serious adverse effects. Several hypotheses regarding the pharmacodynamics of propranolol on IH have emerged: these include vasoconstriction, decreased expression of VEGFs, and induction of apoptosis, and other expression of components of the renin-angiotensin system in proliferating infantile hemangioma may account for the propranolol-induced accelerated involution \[[@CR3], [@CR4]\].

In Mexico, only a limited number of clinical studies have been published, most of which included only small numbers of patients \[[@CR7], [@CR8]\], and failed to report important data such as age of onset, duration, adverse effects, etc. These omissions have prevented the adequate assessment of the effectiveness of the drug in the Mexican pediatric population presenting with the disease. Added to this is the lack of a commercial propranolol formulation adapted for the pediatric population.

The aim of this study was to evaluate the efficacy and adverse effects of propranolol administered orally to a group of Mexican pediatric patients diagnosed with infantile hemangioma treated with an extemporaneously compounded solution of propranolol.

Methods {#Sec2}
=======

Settings {#Sec3}
--------

An open observational prospective study was performed during the period from March 2013 to November 2014 in the Children's Hospital of the Californias in Tijuana, Mexico. Pediatric patients who were seen by dermatologists at this hospital and other hospitals in the private and public sectors and who were sent to the pharmacy of this hospital for the drug formulation were included.

Patient Selection {#Sec4}
-----------------

In our study, we used exclusively outpatient treatment, with follow-up by a physician and a clinical pharmacist.

Outpatients with ages ranging from 3 to 24 months of age who had been clinically diagnosed with hemangioma in the initial or proliferative phase were eligible for treatment. Indications for treatment were functional impairment, ulceration, rapid growth, and esthetic complications. All patients included in the study had no previous history of treatment with any drug or any other therapy \[[@CR9], [@CR5]\].

Treatment Protocol {#Sec5}
------------------

A clinical history was taken before starting treatment, including vital signs, and physical examinations to confirm that the patients did not have any contraindications for the administration of propranolol, such as cardiopulmonary disease, respiratory tract infection, asthma, sinus bradycardia, and heart block, among others \[[@CR10], [@CR9]\]. Cardiologic examinations such as ECG and blood pressure measurements were performed by the cardiologist referred by the physician before the start of therapy, at baseline, and during therapy at each of the patient's scheduled visits for prescription refills, every 30 days until the end of the treatment, in order to rule out contraindications for the use of propranolol. None of the patients were hospitalized for evaluation at the beginning of the study.

The initial dose of propranolol was 0.5 mg/kg/day administered every 8 h. In the course of treatment, the dose was increased according to the patient's weight and tolerance, without exceeding 2.5 mg/kg/day. At the beginning, parents were informed of the possible adverse effects of the treatment and asked to report them if any appeared, and they were instructed to administer the drug with meals.

Measurements of mixed and deep IH were done with medical grade tape initially and at each follow-up in order to determine the area and volume of IH to correlate with the effect and duration of treatment. Even though the method previously reported by Berck et al. \[[@CR11]\] is not the most accurate for the measurement of IH, we decided to use it because it is a non-invasive procedure, and it gives a good approximation of the size of the IH. Photographs of the IH were taken every 30 days to evaluate the change in coloration \[[@CR5]\].

The clinical response to propranolol was classified as either satisfactory or absent. A satisfactory response was considered when there was a greater than 80 % reduction in the coloration and hemangioma size, with minimal visible lesions at the end of therapy, such as telangiectasias. It was classified as absent when the effect was slow, with little evidence of a decreasing IH.

Therefore, treatment was considered successful in this study when a satisfactory response was obtained, taking into account the measurements of hemangioma, serial photographs, and visible clinical effect, as subjectively assessed by two observers. After reaching a satisfactory therapeutic response, the dose was gradually decreased by half every 2 weeks until the therapy was completed.

The attending physicians referred the patients to the hospital pharmacy with a prescription for the preparation of extemporaneous formulations of propranolol of 1 mg/ml or 2 mg/ml; the syrup was prepared using propranolol hydrochloride tablets (Inderalici^®^) and United States Pharmacopeia (USP) grade sucrose in accordance with the standard procedures described in the Mexican Pharmacopoeia and literature reviews for compounding preparations, with an expiration date of 15 days \[[@CR12], [@CR13]\]. The extemporaneous formulation was prepared for each patient according to the dose prescribed by the doctor, and before or at the expiration date, a family member went back to refill the prescription.

Clinical and Pharmacotherapeutic Monitoring {#Sec6}
-------------------------------------------

Evaluation of the treatment was based on a clinical examination that included body weight, heart rate, blood pressure, measurement of the IH, and analysis of photographs taken conducted by a team of physicians that included a dermatologist and a pediatric surgeon.

The pharmacist was responsible for preparing the medication and reminding the patient's family about its proper administration, and asking about possible adverse effects.

All demographic and clinical data (body weight, age of the patient, type of infantile hemangioma, and therapy data such as dose, duration of treatment, side effects, and therapeutic response) from the patients were recorded from the beginning to the end of treatment.

Statistical Analysis {#Sec7}
--------------------

Analysis was performed using the Sigma Plot 11.0 Software. All data are expressed as numbers, percentages, or means ± standard deviations. Student's *t* test was used for comparisons between two groups. For three groups a one-way analysis of variance was used. A statistical threshold of *p* \< 0.05 was used as the criterion for statistical significance.

Results {#Sec8}
=======

A total of 31 pediatric patients were treated with a propranolol syrup in the period from March 2013 to November 2014; 20 patients were female (65 %) and 11 were male (35 %). Patients' ages ranged between 3 and 12 months. The female/male ratio was 2:1.

Types of Infantile Hemangioma (IH) {#Sec9}
----------------------------------

Fifty-five percent of cases treated corresponded to superficial hemangiomas predominantly located in the face. In total there were 38 infantile hemangiomas. Five patients had more than one IH located elsewhere in the body. The main clinical data are shown in Table [1](#Tab1){ref-type="table"}.Table 1Clinical data of Mexican patients with infantile hemangiomas treated with propranololCharacteristic*n* (%)Gender Male11 (36) Female20 (64)Type of hemangioma Surface17 Deep6 Mixed8Hemangioma localization^a^ Head and neck25 (66)  Head3  Cheek6  Nose4  Neck5  Chin and lips4  Periocular3 Trunk7 (18)  Back4  Chest3 Extremities6 (16)  Arms5  Legs1Ulcerated hemangiomas2 ^a^Total of infantile hemangiomas = 38 (some patients had more than one IH)

Age of Onset {#Sec10}
------------

Patients started treatment at an average age of 5.6 months, with a range of 3--11 months. In 17 cases (55 %), the IH was in the initial and/or in the proliferative phase.

Response and Duration {#Sec11}
---------------------

The average continuous treatment had a duration of 10.5 months (range 7--14 months) in the study period (Table [2](#Tab2){ref-type="table"}).Table 2Data on treatment with propranolol in Mexican patients with infantile hemangiomasCharacteristicResultMedian age at onset, months5.6 (± 2.7 SD)Dose of propranolol, mean1.5 mg/kg/day^a^Median duration of treatment by location, months10.1 (± 3.5 SD) Head and neck9.4 Trunk9.7 Extremities11.8Side effects, *n* = 5 Insomnia2 Diarrhea2 Hypotension1Therapeutic response, *n* = 31 Satisfactory30 Absent1^a^Dose range of 0.5--2.5 mg/kg/day

The response to treatment was observed in the first 15 days of titration in most cases, as a slight decrease in the coloration of the hemangioma. Satisfactory response to treatment was observed in 96 % of the patients, with minimal noticeable residual lesions. The average dose was 1.5 mg/kg/day, with a range of 0.5--2.5 mg/kg/day. The response was assessed by performing measurements of the IH and serial photography (Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}). The duration of treatment was variable, with treatment courses being shorter for patients with IH located in the head and neck. Therapy was completed when the patient had a satisfactory response. In six cases, after completing the propranolol therapy, topical treatments were continued with an extemporaneously compounded preparation of 0.5 % timolol gel and corticosteroid such adapalene, to help remove residual lesions and telangiectasias.Fig. 1Four-month-old boy with a segmental infantile hemangioma in the face treated with propranolol at months 0 (**a**), 5 (**b**), and 8 (**c**)Fig. 2Six-month-old boy with a mixed hemangioma in the superior trunk treated with propranolol at months 0 (**a**), 3 (**b**), and 6 (**c**)

One patient included in this study who had an IH located on the lower lip and face did not respond adequately to treatment in the first 6 months, or to an increase in the dosage.

A female patient with an IH located on her head presented regrowth after discontinuation of the treatment at 7 months, later resuming therapy with a dosage of 2 mg/kg/day for 3 months until responding with total resolution of the hemangioma.

Effect in Relation to Location Type and Onset of Treatment {#Sec12}
----------------------------------------------------------

In patients with IH located in the head and neck area, a satisfactory response was reached on average in 9.4 months, whereas for patients with IH located on the trunk and/or extremities a satisfactory response was reached in an average of 10.7 months. Children who started treatment at less than 5 months of age had better responses and a shorter duration of treatment than those who started after 5 months of age. The mean durations of treatment were 8.2 (±1.5 SD) and 11.05 (±1.2 SD) months, respectively (paired Student's test, *p* = 0.004). For the type of IH, the one-way ANOVA indicated that superficial lesions had greater duration than deep and mixed IH with a mean of 11.05 (±2.1 SD) and 8.6 (±1.1 SD) months, respectively (*p* = 0.025).

Measurements of the IH {#Sec13}
----------------------

For deep and mixed IH, measurements were obtained at the beginning of and during treatment. On average, every IH measured about 6.5 cm^3^ at the beginning. A mean reduction of 16 % was observed in the first 2 months of treatment, 50 % or greater in the fifth month, and almost 100 % after 10 months in this type of IH **(**Fig. [3](#Fig3){ref-type="fig"}). Measurements taken in the course of our study showed that deep and mixed IH were reduced an average of 10 % of their total size every month during a 10-month treatment.Fig. 3Effect of propranolol in decreasing the size of deep and mixed hemangiomas from the beginning until the end of therapy

Adverse Effects {#Sec14}
---------------

During the study only five patients (16 %) presented mild adverse effects, which were self-limiting. Two patients presented with sleep disorders and two developed diarrhea. In these cases propranolol was suspended for a week, the dosage was reduced by half for each of them, and then gradually increased as tolerated by patient, until the therapy was completed. One patient presented with mild hypotension (75/55 mmHg) \[[@CR9]\]. The effects occurred during the first 6 weeks of treatment, especially when the dosage was increased. No patient discontinued therapy due to adverse effects.

Discussion {#Sec15}
==========

Propranolol is a nonselective β-adrenergic blocking agent. It has been used for over 50 years in pediatric and adult patients for the treatment of hypertension, heart failure, tachycardia, and acute myocardial infarction. The doses used in pediatric patients range from 0.5 to 6 mg/kg/day \[[@CR14]\]. After the discovery of the effect of propranolol on IH, numerous studies around the world have been published, describing satisfactory responses in pediatric populations \[[@CR5], [@CR15]--[@CR20]\], with a higher cure rate and fewer adverse effects than corticosteroids, formerly the first choice of treatment for this condition \[[@CR21]\].

So far, in Mexico only two studies have been published since this discovery. Gonzalez et al. \[[@CR7]\] observed the effect of propranolol in five patients with periorbital IH who obtained good results. Orozco-Covarrubias et al. \[[@CR8]\] reported only the demographic and clinical characteristics of 26 patients with IH treated with propranolol, but did not report any clinical results of treatment. The clinical and demographic characteristics of our patients are consistent with those described previously in the literature, with a predominance of females and location in the head and neck \[[@CR1], [@CR2], [@CR8]\]. The range of ages at which children in this study began treatment was 3--11 months, at a time when the IH was in its initial and/or growing phase.

Several initial doses of propranolol have been reported for the treatment of IH, for example the American Consensus Conference has suggested an initial dosage of 1 mg/kg/day followed by a gradual dosage escalation to 2 mg/kg/day \[[@CR9]\]. Other studies have reported the use of 2--3 mg/kg/day \[[@CR17], [@CR20]\] and 0.75--1 mg/kg/day \[[@CR18]\]. Larger scale studies confirming the safety and efficacy of propranolol may broaden the indications of treatment of proliferating IH \[[@CR22]\]. Since there is no established dosage in the population, we considered a range of 0.5--2.5 mg/kg/day to be appropriate for and tolerated by our population. The extemporaneous formulation prepared with USP-grade sucrose and flavor facilitated the acceptance of the medication without potentially harmful preservatives \[[@CR12], [@CR13]\].

In 96 % of the cases, the response to propranolol was satisfactory. Statistical results show that children who started treatment before 6 months of age had a significantly better response than those who started later. Similar results have been reported by Andersen et al. \[[@CR23]\]. IH proliferates rapidly in the first 3--6 months after birth, which may explain why the effect of treatment is most evident at this time. The early initiation of therapy appeared to help prevent longer treatment protocols.

The duration of therapy was adjusted for each type of hemangioma and treatment indication. The average age at which therapy was initiated and completed was 5.6 and 16.1 months, respectively. With regard to the location, patients with head and neck hemangioma needed on average a shorter time of therapy of about 9.4 months. Most published studies have been done in European populations \[[@CR5], [@CR16], [@CR20], [@CR21], [@CR24]\]. In these studies the average duration of therapy was 7.2 months, which is lower than that reported in our study, i.e. 10.5 months. Based on these studies the physicians decided to lengthen the treatment to over 8 months to prevent possible regrowth.

Notably, in most cases the use of propranolol led to an almost complete reduction in the size and coloration of the IH, yet there were cases where the sequelae were very noticeable at the end of therapy; in these cases the use of topical 0.5 % timolol gel and corticosteroids were effective for the total clearance of the IH.

The pharmacist interviewed parents at every refill visit and were able to identify potential adverse effects of treatment with propranolol, such as sleep disturbances, diarrhea, and hypotension. Adverse effects were reported in five patients, but they were of little relevance, and not a reason for discontinuation of therapy or use of an alternate treatment. Because none of the children presented with a "clinical suggestion" of hypoglycemia, no determinations were made of blood glucose in the patients during the study. Adverse effects such as bradycardia and bronchospasm were not seen in this study as reported in others \[[@CR25]\].

Propranolol is becoming the treatment of choice in patients with IH; but like many drugs used in pediatric patients, there are no suitable formulations available in some countries such as in México, which is why an extemporaneous formulation was used for our study. Since there are no reported clinical titration studies that correlate the dosage with the desired pharmacological effect on the type of hemangioma, the duration of treatment, reduction of the dose, and other parameters that provide an adequate treatment regimen for this group of patients, we suggest the development of such studies.

Conclusions {#Sec16}
===========

Treatment with propranolol administered orally at an average dose of 1.5 mg/kg/day proved to be effective in reducing the size and coloration of infantile hemangioma from the initial to the proliferative phase in Mexican pediatric patients. The administration of propranolol was safe with a minimal occurrence of adverse effects which did not interrupt the continuation of therapy.

Children starting treatment before 5 months of age show better responses and shorter duration of treatment than older children. Superficial HI had a longer duration of treatment in relation to deep and mixed ones.

Although our study only included 31 patients, we found that the duration of treatment, dose range, and presence of adverse effects can be applied in Mexican pediatric patients with this condition.

In our experience the success of therapy depended on continuous medical supervision of the patients and pharmaceutical education of the parents, which facilitated outpatient treatment and greater therapeutic adherence. The extemporaneous formulation used in this study proved to be an efficient and low-cost alternative to European formulations commercially available.
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